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PRODUCTION OF METHANOL FROM 
HYDROCARBONACEOUS FEEDSTOCK 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to the production oC 

methanol from hydrocarbonaceous feedstock by a process which 
includes the partial oxidation of hydrocarbonaceous 
feedstock to produce a synthesis gas containing hydrogen, 
carbon monoxide and carbon dioxide, which is further 

10 processed and fed to a methanol synthesis loop. 
Description of the Prior Art 

Methanol has long been produced by reacting 
hydrogen with carbon monoxide and/or carbon dioxide in the 
presence of a catalyst according to the equation: 

15 CO + 2Ha < > CH 3 0H (1) 

Hydrocarbonaceous feedstock, such as natural gases recovered 

from sites near petroleum deposits, are convenient starting 
materials for the production of methanol. Typically, 
natural gases contain, as their principal constituent, 

20 methane, with minor amounts of ethane, propane and butane. 
Also included in the conversion in some instances, may be 
low-boiling liquid hydrocarbons. 

In order to convert a hydrocarbonaceous feedstock 
into a feedstream suitable for introduction into a methanol 

25 synthesis reactor, the feedstock is first converted into a 
synthesis gas containing hydrogen, carbon monoxide and 
carbon dioxide. The synthesis gas can be treated to adjust 
ff the ratio of hydrogen to carbon monoxide and carbon dioxide 

in ord r to obtain the prop r stoichiometric proportions for 

30 methanol synthesis. The treated gas stream is compressed 
and fed to the methanol synthesis loop, where the carbon 
monoxide, carbon dioxide and hydrogen are reacted in contact 
with a catalyst -to* produce methanol. The methanol is then 
purified by any of a number of conv ntional techniques. 
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Methods that have been employed to convert 
hydrocarbonaceous feedstock to synthesis gas in prior art 
methanol production processes include steam reforming, 
combined steam reforming /autothermal reforming, and partial 
5 oxidation. Steam reforming involves an endothermic reaction 
exemplified for methane by the equation: 

C1U + IbO > CO + 31b ( 2 ) 

Partial oxidation involves an exothermic reaction 
exemplified for methane by the equation: 

10 ClU + *)a > CO + 2Ha (3) 

The product of both reactions (2) and (3) can be modified by 
the exothermic water gas shift reaction according to the 
equation : 

CO + HaO > COa + Ha < 4 ) 

15 m steam reforming, desulfurized hydrocarbonaceous 

feedstock is mixed with between two and four moles of steam 
per mole of carbon and introduced into catalyst-filled tubes 
in a primary reforming furnace, where it is converted to 
synthesis gas containing mainly hydrogen, carbon monoxide, 
20 carbon dioxide and residual methane and steam. The 
composition of the synthesis gas at the exit of the 
reforming furnace is dependent on the steam-to-feedstock 
ratio at the inlet and the temperature and. pressure at the 
outlet of the reforming furnace. Employing a high 
25 steam-to-gas ratio and a high temperature to increase 
production, however, also increases reformer fuel 
requirements, and low pressure operation increases the 
compression power requirement of the synthesis gas 
compressor which delivers the relatively low pressure 
30 synthesis gas into the higher pressure methanol synthesis 
loop. Typically, steam- to-carbon (in the feedstock) molar 
ratios in the range from 2.8:1 to 3.5:1 have been used with 
a reform r tube exit temperature in the range from 850°C to 
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Under these operating conditions, the residual methane 
content in the synthesis gas is approximately 3-4 mole% (dry 
basis). Waste heat in the hot synthesis gas is recovered by 
raising steam and preheating boiler feedwater. 

5 The endothermic heat of reaction is supplied by 

firing burners adjacent the catalyst-filled tubes in the 
refractory lined reforming furnace. Waste heat in the flur 
gas is recovered by raising and superheating steam and 
preheating combustion air. After heat recovery and final 

10 cooling, the synthesis gas is compressed in a centrifugal 
compressor to between 50 and 100 bar. 

The fresh synthesis gas joins the gases 
circulating in the methanol synthesis loop at the suction of 
the circulation compressor. From the discharge of the 

15 circulation compressor, the bulk of the circulating gases 
are preheated to the reaction temperature of 210° to 270°C 
and fed to a catalytic methanol synthesis reactor. 
Formation of methanol at the operating conditions of the 
synthesis reactor is low, typically only 3.0-7.0%, depending 

20 upon the selected pressure of operation. This leads to the 
requirement for a circulating loop system where the 
reactants pass over the catalyst a number of times. 

Gases leaving the reactor are used to preheat the 
circulating gas being fed to the reactor before crude 

25 methanol is condensed in a cooler and separated in a 
knock-out drum. The remaining gases return to the 
circulating compressor after removal of a purge gas stream 
by which the level of inert methane and excess hydrogen in 
the synthesis loop is controlled. The purg stream is 

30 utilized as fuel in the reforming furnace. Crude methanol 
is discharged via a let down valve to a low pressure 
sonarator where dissolved gases flash off and are passed to 
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Conventional steam reforming processes produce a 
synthesis gas which is hydrogen rich for methanol 
synthesis. This excess hydrogen has to be compressed to 
methanol loop pressure and then purged from the loop to be 
5 used as fuel in the reforming furnace. 

Steam reforming can be supplemented by autothernul 
reforming to produce a stoichiometric synthesis gas 
according to the following reactions: 

ClU + HaO > CO + 3Ha (2) 

1Q CO + HaO > COa + Ha ( 4 ) 

CIU + HOa > CO + 2IIa (3) 

CO + HOa > COa ( 5 ) 

Ha + HOa — > HaO ( 6 ) 

Desulfurized natural gas feedstock is split into two 
15 streams. The first stream is mixed with steam and 

introduced into the primary steam reformer. As excess 
methane is oxidized in the downstream secondary reformer, 
the primary reformer can be operated at higher pressure, 
lower temperature and lower steam to gas ratios than in the 
20 case of the single primary reforming furnace route. The 

synthesis gas from the primary steam reformer is mixed with 
the second stream of natural gas feedstock and introduced 
into the secondary reformer with preheated oxygen. Heat of 
reaction in the secondary reformer is supplied by combustion 
25 of methane, hydrogen and carbon monoxide. The exit 
temperature of the secondary reformer is typically 
950-1000°C. Waste h at in the hot synthesis gas is 
recovered by raising steam, preheating boiler feedwater ami 
providing distillation reboiler heat. Waste heat in the 
flu gas from the primary steam reformer is recovered by 
superheating steam, preheating feedstock and combustion 
air. The reduced flow rate of make-up synth sis gas is at a 
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synthesis process is similar to that described above in 
conjunction with the stoat reforming route. 

Since reforming is carried out in the primary and 
secondary reformers, the size of the primary reforming 

5 furnace can be reduced by as much as 75%. The total natur,! 
gas usage (feedstock plus fuel) is reduced by approximately 
6% due to reduced fuel requirement in the primary reformin, 
furnace and reduced feedstock requirements as a result of 
more efficient utilization of the carbon contained in the 

10 feedstock. The capital ccst is also reduced when compared 
to the conventional route as a result of the reduction in 
primary reforming furnace size, gas volumetric flow rates 

and compression power. 

The autothermal reforming step requires a relate 

15 large volume of catalyst. Typically, space velocity 

requirements are between E,000 and 12,000 nr.- As used 
herein "space velocity- means the volumetric hourly 
throughput per volume of catalyst and the figures quoted 
herein refer to standard conditions of pressure and 

20 temperature. 

Partial oxidaticn of hydrpcarbonaceous feedstock 

represents one alternative to steam reforming in the 
production of synthesis gas. The partial- oxidation 
processes that have been tsed in connection with methanol 

25 production have been non-catalytic processes. Hon-catalyt.c 
partial oxidation reactions, however, are relatively 
ineffici nt. They operate at high temperatures, i.e., m 
the range of 2,200'F to 2,800'F (1203-C to 1340-C) and 
require large amounts of cxygen. Furthermor , free carbon 

30 is produced which is removed in a later step. 

in methanol production processes of the prior ari. 
^ . „„Hal oxidation, the feedstock is compressed 
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into the generator burner it h ae k~ 

feedstock i= DU «> e r. It has been reported that the 

feedstock Is converted to carbon rich synthesis gas 
according to the following reactions: 

CH* + 20 a > C0 2 + 21I a O 

CIU + H a O > CO + 3H a 

CIU + CO a > 2CO + 2II a g 

m r:r c he ".° f reacti ° n £ ° r the *—««. 

reaction m" ^ ^ C01 * ns "°» «* — -ethane, 

reaction (7). This combustion reaction is highly 

exothermic . Heat contained in the synthesis gas leaving the 
generator at approximately MOO-C is recovered by rais »g 

"""" »"*«• °» *as is passed to a carbon scrubber Hill 
free carbon is removed. 

the ™ fk OIder t0 ° d:l " St the "^-/hydrogen ratio in 
the svnthesrs gas to that required for methanol synthesis, 
it is necessary to reduce curbon oxides such ss by shifting 
carbon monoxide to carbon dioxide according to the reaction 

co + h„o — > co= + n, 

or d D rooriT° Vl " 9 Caib ° n dl ° KMm * any ° f «- conventional 
or proprietary acid gas removal processes, or by removing 

p^ r ng on sdaT: xlde 1 d r : " y by pressure —» 

carb^L ™ COV ™ y Bnd ««l~t-nt of the 

~srr e " rati °' 5ynt " eSlS 9M * ~ss e d to 
I"! 8 ' loop pressure, since the gas is stoichiometric 
and at considerably higher pressure, the power required L 
synthesxs gas compression is reduced, rhe saving in 
^nthesrs gas compression, however, does not necessarily 
result „ overall cost savings, as a result of the higher 
generator operating pressure, oxygen compression costs are 
increased, and it is often necessary to' Include s I r" 
gas compressor. This results in . „ et inorease ,„ ° 
requrrements, since substantial power, although reduced i. 
still requrred to run the methanol process gas compressor. 
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The additional power requirement and the less efficient 
utilization of carbon contained in the feedstock result in 
an increase in specific natural gas requirements (i.e. 
natural gas consumed per unit of methanol produced) when 
compared to the conventional steam reforming process. 

Conversion efficiency of oxidation processes can 
generally be improved by the use of catalysts; but where t hp 
oxidation process in only partial, i.e. with insufficient 
oxygen to completely oxidize the hydrocarbon, then the 
catalyst is subject to carbon deposit and blockage. Carbon 
deposits can be avoided by using expensive catalyst 
materials in generally uneconomical processes. For exampj., 
U.S. Patent 4,087,259, issued to Fujitani et al., describes 
employment of a rhodium catalyst in a process wherein liquid 
hydrocarbonaceous feedstock is vaporized and then partially 
oxidized in contact with the rhodium catalyst at a 
temperature in the range of 690«» to 900*C with optional 
steam added as a coolant at rate not more than 0.5 by volume 
relative to the volume of the liquid hydrocarbon in terms of 
the equivalent amount of water. The rhodium catalyst 
enables partial oxidation without causing deposition of 
carbon, but at temperatures greater than 900°C, thermal 
decomposition ensues producing ethylene or acetylene 
impurities. When steam is added, the quantity of hydrogen 
produced is increased while the yield of carbon monoxide 
remaxns constant due to catalytic decomposition of the steam 
to hydrogen gas and oxygen. A "LHSV" (Liquid Hourly Space 
Velocity) from 0.5 to 25 1/hour is disclosed; particularly, 
a high yield from partial oxidation of gasoline vapor, 
without steam, is produced at a temperature of 725«C and ai 
a LHSV of 20, and with steam, is produced at temperatures of 
700°C and 800°C and at a LHSV of 2. 

The use of catalysts in partial oxidation 
processes requires that the reaction be carried out within a 
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specific range of space velocity, m order to obtain 
acceptable levels of conversion using catalytic partial 
oxidation processes of the prior art it has been necessary 
to use space velocities below about 12,000 hr.-* For 
5 example, U.S. Patent No. 4,522,894, issued to Hwang et al., 
describes the production of a hydrogen-rich gas to be used 
as fuel for a fuel cell. The process reacts a hydrocarbon 
feed with steam and an oxidant in an autothermal reformer 
using two catalyst zones. The total hourly space velocity 
10 is between 1,960 hr.- and 18,000 nr.-*. Because the prior 
art processes must be carried out at low space velocity, 
catalytic partial oxidation reactors of the prior art havo 
had to have large catalyst beds in order to achieve the 
throughput desired in commercial operation. This increases 
15 the size and cost of the partial oxidation reactor. 

It is an object of the present invention to 
provide a process for the production of methanol from 
hydrocarbonaceous feedstock which is energy efficient, is 
capable of using low cost catalysts and employs relatively 
small, inexpensive equipment volume to achieve commercially 
acceptable throughput. 

It is a further object of the invention to provide 
a process for the production of methanol from 
hydrocarbonaceous feedstock with a relatively low oxygen 
demand, thereby increasing throughput of hydrocarbonaceous 
feed. 

These and other objects of the invention are 
achieved by a process which is described below. 

Summary of the Invention 
The invention provides a process for producing 
methanol from hydrocarbonaceous feedstock in a manner whirl, 
uses relatively smaller and less costly equipment and 
operates at a relatively higher level of fficiency, in 
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terras of feedstock conversion, than prior art processes for 
methanol production. 

This invention provides a process for the 
Production of methanol in which synthesis gas is generated 
by the catalytic partial oxidation of a hydrocarbonaceous 
feedstock, such as natural gas, with an oxidant stream under 
temperature and steam conditions producing essential no fre- 

ITTn nnn\ SPaCe Vel ° City * ^ frOM 20 '°°° hour-* ' 

to 500,000 hour-*; hydrogen , carbo „ monoxide ^ 

dioxide in the synthesis gas are reacted under 
methanol-producing conditions; and methanol is recovered 
If n^essary, the ratio of hydrogen to carbon monoxide and 
carbon dxoxide in the synthesis gas is adjusted by removal 
of carbon monoxide and/or carbon dioxide to provide the 
proper stoichiometric amounts of reactants for the methanol 
productxon reaction. 

In one embodiment, the invention provides a 
process for producing methanol from hydrocarbonaceous 
feedstock which comprises : 

intr ° ducing to a catalytic partial oxidation 
*one a gaseous mixture of a hydrocarbonaceous feedstock, 

ZITZ st OXy r~ C ° ntainlng 938 ^ "Anally, steam in 
whrch the steam-to-carbon molar ratio is from 0,1 to 3.0:1 
and the oxygen -to-carbon molar ratio is from 0.4,1 to 0.8:1 
said . xture being introduced to the catalytic partial ' 
oxxdation zone at a temperature not lower than 200'F (93»C) 
below its autoignition temperature and preferably at or 
above its autoignition temperature; 

(b) partially oxidizing the hydrocarbonaceous 
feedstock in the catalytic partial oxidation zone to produc- 
a gas consisting essentially of methane, carbon oxides, 
hydrogen and steam by passing the mixture through a catalyst 
capabl of catalyzing the oxidation of the hydrocarbons, 
saxd catalyst having a ratio of surface ar a to volume ratio 
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ILV TV C " VCT " °" d 0 V ° lane «*««*-* to produce . 
hour-il ^ r °" 9e fr °'" J0 '° 00 hoUr -' * ™-°<"> 

(C) reacting the hydrogen, carbon dioxide and 
carbon monoxide nnder methanol-producin, conditions, 
producing a product stream containing methanol; and 

(d) recovering the methanol. 

BRIEF DESCRIPTION nF the nnawTrngg 

10 . FIG ' 1 18 elevated <*°*e-eectlon vie» of a 

^ H° rtial ° Xid " i0n rMCt0r h »' in « « mPut a 
mixer and dxstributor suitable lor introducing the reactants 
to the catalyst bed. 

view of b/r* 2 " ^ 6nlargGd elevationa l cross-section 
15 figT I, br0ken " aWay POrti °" ° f th * 1~ and distributor ol 

section ofV!* V" 3 ViGW ° f 9 broken ^way quarter 
section of the mixer and distributor of FIG. 1 

section Jit' 4U 8 b0tt0m Vi6W ° f 3 b ~^»-«way quarter 
^ section of the mixer and distributor of FIG. 1. 

FIG. 5 is a diagrammatic elevational 

m£er"a„n 0nal ° f • ——way portion ol the 

mixer and feeder of FiGq i n u 

dimensions. ° * ShOWln, Critlcal 

!5 ratio „ 1° ' " ** " 9raPh plottln 9 oxygen- to-carbon molar 
ratio vs. steam-to-carbon molar ratio in the catalytic 
partxal oxidation reaction tor three different operating 
temperatures at an operating pressure of 400 psi, „" 



30 



FIG. 7 is a graph plotting the hydrogen- to-carbo,. 
monoxide molar ratio in the catalytic partial oxidation 

Xee 7J* T St ~'^on molar ratio Cor 

three different operating temperatures at an operating 
pressure of 400 psig (2760 KPa). 
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PIG. 8 is the graph plotting the volume % methann 
in the catalytic partial oxidation product vs. the 
s team- to-carbon molar ratio for three differenL operating 
temperatures at an operating pressure of 400 psig (2760 
5 KPa). 

FIG. 9 is a graph plotting the volume % carbon 
dioxide in the catalytic partial oxidation product vs. 
steam-to-carbon molar ratio for three different operating 
temperatures at an operating pressure of 400 psig (2760 
10 KPa). 

FIG. 10 is a graph plotting the molar ratio of 
total hydrogen and carbon monoxide in the catalytic partial 
oxidation product to total hydrogen and carbon vs. steam- 
to-carbon molar ratio in the feedstock for three different 
operating temperatures at an operating pressure of 400 psig 
(2760 KPa). 

FIG. 11 is a flow diagram of a process for 
producing methanol from a hydrocarbonaceous feedstock in 
accordance with the invention 

FIG. 12 is a sectional view of a tube cooled 
converter for use in producing methanol in accordance with 
the invention. 

FIG. 13 is a process flow diagram of a first 
portion of a large methanol plant in accordance with the 
25 invention. 

FIG. 14 is a process flow diagram of a second 
portion of the large methanol plant of FIG. 13. 

FIG. 15 is a process flow diagram of a third 
portion of th large methanol plant of FIG. 13. 

FIG. 16 is a process flow diagram of a first 
portion of a small methanol plant in accordance with the 
invention . 

FTG 17 i c a nrnr-opp fin.. «l i r . 
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DESCRIPTION OF THE PREFERRED EMnnnr^-,^ 
Essentially, the process of the invention involves 
three steps: conversion of the hydrocarbonaceous feedstock 
into synthesis gas containing hydrogen, carbon dioxide and 
carbon monoxide by catalytic partial oxidation under 
temperature and steam conditions avoiding production of f,o e 
carbon; reaction of the hydrogen, carbon dioxide and carbon 
monoxide under methanol producing conditions; and recovery 
of methanol. Additionally, it may be necessary to adjust 
the molar ratio of hydrogen to carbon dioxide and carbon 
monoxide in the gas undergoing conversion to methanol, in 
order to provide stoichiometric amounts of these reactants 
in the methanol synthesis step. This may be done at any of 
three points in the process. 
15 Catalytic Partial n*iri a M»n 

The catalytic partial oxidation of 
hydrocarbonaceous feedstock is carried out according to a 
process described in copending, commonly assigned U.S. 
application Serial No. 085,160 filed August 14, 1987 in the 
names of M. Dunster and J.D. Korchnak. 

One particular aspect of the invention is the 
substantial capital cost savings and/or advantageous 
operating economy resulting from the employment of catalytic 
partial oxidation to produce the raw synthesis gas employe-l 
in the methanol producing process. This is made possible by 
the discovery that catalytic partial dxidation performed at 
a temperature, as measured at the exit of the catalytic 
reaction zone, equal to or greater than a minimum non- 
carbon- forming temperature equal to or .greater than a 
minimum temperature selected as a linear function which 
includes a range from 1600-F (070°C) to 1900"F (1040°C) 
corresponding to a range of the steam-to-carbon molar ratio 
from 0.4:1 to 0:1 and at a soace velar *.u , 



20 



25 



30 



WO 90/06297 



PCT/US89/05370 



- 13 - 



10 



15 



20,000 hour- to 500,000 hour- produces essentially no fr.e 
carbon deposits on the catalyst. Further, it is found that 
products of the partial catalytic oxidation in the process 
of the invention consist essentially of hydrogen, carbon 
monoxide and carbon dioxide at oxidation temperatures equal 
to or greater than the minimum temperature, rhodium 
catalysts are not required to prevent carbon formation. For 
example in FIG. 6, dotted line 25 represents a generally 
linear function which, at a steam/carbon ratio of 0, 
corresponds to a minimum partial oxidation temperature of 
about 1900-F (1040-C), and at a steam/carbon ratio of 0.4 
corresponds to a minimum partial oxidation temperature of 
about 1600-F (870-0 ; favorable catalytic partial oxidation 
without producing free carbon occurs at temperatures and 
steam/carbon ratios equal to or greater than points on the 
lrne. Further, lower minimum temperatures at corresponding 
steam/carbon ratios greater than 0.4 can be extrapolated 
from the linear function represented by line 25. 

Generally the catalytic partial oxidation is 
performed at a temperature, as measured at the exit of the 
catalyst, in the range from 1400°F (760°C) to 2300°F 
(1260»C). Preferably, the catalytic partial oxidation 
temperature, as measured at the exit, is in the range from 
1600-F (870*0 to 2000-F (1090*0. At temperatures below 
about 1400-F (760-C), uneconomic quantities of methane are 
left unconverted, and at temperatures above 2300°F (1260'C), 
excessive amounts of oxygen are used. 

The pressure at which the partial oxidation take* 
place is generally above 150 psig (1030 KPa) and preferably 
30 above 300 psig (2060 KPa). The pressure can be up to or 

above the methanol synthesis loop pressure. Preferably, the 
pressure does not exceed the methanol synthesis loop 
pressure by more than that necessary to provide synthesis 
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gas flow through the processing eq ui pme „ t ^ the methanol 
synthesis loop. 

Essentially little or no reforming reactions are 
employed in the process of the invention; that is, the 
5 process of the invention relies essentially solely on 

partial oxidation and the water gas shift reaction (equation 
4, to convert hydrocarbonaceous feedstock to synthesis gas 
Catalytic partial oxidation of uniformly premixed feedstock 
and oxygen does not require any reforming reactions to take 
10 place. The catalyst is selected to promote the partial 
oxidation reaction, and not necessarily any reforming 
reaction. The steam reforming reaction (equation 3) 
generally requires a low space velocity, i.e. generally 
below about 12,000 hour-, and the employment of space 
15 velocities above 20,000 hour- in the present process 

precludes efficient steam reforming of the feedstock. It is 
believed that increased hydrogen production, above that 
attributable solely to partial oxidation, is due more to the 
water gas shift reaction (equation 4, than to the steam 
*u reforming reaction (equation 2). 

The process of the invention can be employed to 
convert hydrocarbonaceous feedstock to synthesis gas with 
very low levels of hydrocarbon slippage (unreacted 

25 the rate of reaction in the partial oxidation reactor is 

mass transfer controlled, the process of the invention can 
be c arr ied out efficiently using relatively small volumes 
and relatively inexpensive catalyst materials, provided Lhat 
the surface area-to-volume requirements of the invention a. P 
met. in accordance with the process of- the invention the 
reactant gases are introduced to the reaction zone, i.e. the 
catalyst bed, at an inlet temperature not lower than 200»F 
(93-C) less than the autoignition temperature of the feed 
mixture. The autoignition temperature of the feed depends 
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on the composition and conditions of the feed mixture and on 
the catalyst employed. Preferably the reactant gases are 
Introduced at a temperature at or above the autoignition 
temperature of the mixture. A further essential feature of 
the catalytic partial oxidation reaction is that the 
reactants shall be completely mixed prior to the reaction 
taking place. Introducing the thoroughly mixed reactant 
gases at the proper temperature ensures that the partial 
oxidation reactions will be mass transfer controlled. 
Consequently, the reaction rate is relatively independent of 
catalyst activity, but dependent on the 
surface-area- to- volume ratio of the catalyst. It is 
possible to use any of a wide variety of materials as a 
catalyst, provided that the catalyst has the desired 
15 surface-area-to-volume ratio, it is not necessary that the 
catalyst have specific catalytic activity for the steam 
reforming reaction. Even materials normally considered to 
be non-catalytic can promote the production of synthesis gas 
under the reaction conditions specified herein when used as 
a catalyst in the proper configuration. The term 
"catalyst", as used herein, is intended to encompass such 
materials . 

The catalytic partial oxidation step can be 
understood with reference to the figures. The catalytic 
partial oxidation zone is typically the catalyst bed of a 
reactor such as that illustrated in PIG. 1. As shown in 
FIG. 1, a reactor for partially oxidizing a gaseous 
feedstock includes an input mixing and distributor section 
indicated generally at 30. The mixer and distributor 30 
30 mixes the feedstock with an oxidant and; distributes the 
mixture to the entrance of a catalytic reactor section 
indicated generally at 32 wherein the feedstock is partially 
oxidiz d to produce a product which is then passed through 
the exit section indicated generally at 34. 
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The reactor includee en outer shell 40 of 

thereon by bolts ,„ot shown, or the like. A Isyer 43 of 
insulation, such 2300-F (1260-C) BPCF ceramic rlber 

W„ 1S B ? CUred '° 1,,Slde ° £ th ° "W« Portion of 
the shell 40 including the top 42. ,„ the lower portion o, 

sect "I SeCtl °" 30 ^ ^ 8eCtlon 32 -ttot 

inside" T laySr5 " 6 ' 48 — 5 ° - the 

inside of the shell. The layer 46 is a csstable or 

equivalent insulation such as 2000'F ,1090«C) ceramic 
insulation. The layer 48 Is also a csstable or eonivaient 
layer of insulation but containing 60% aiumina for 
Withstanding 3000-F (1650-C). The Internal layer 50 is a 

15 ZrZ t0ry T eqUiVal8nt Uyer ° uch - m «l»mina with 

ceramic anchor, or 97. alumina brick for withstanding the 
interior environment of the reactor section. 

The catalytic reactor section 32 contains one or 
more cstslyst discs 54. As shown, the reactor contains I 

. between each adjacent pair of discs. The stack is supported 
by a grill with high alumina bars 56. A sample port 60 is 

r."' I™ " raaC "°" « ^» - " 3 a 

*5 oTl prodtr MCt0ry di5C " " ltM — — - 
The outlet section 34 is suitably formed for bei„<, 
and/or other processing equipment. 
30 «.* • . ^ C3talySt com P^Bes a high surface area 

h^ro H C3Pable ° f CatalyZi " 9 Partlal ° Xid ^ion oC U.„ 

hydrocarbonaceous feedstock. The catalyst is in a 

configuration that provides a surface area to volume ratio 
of at least 5 ««/—. Pre£erably , the catalyst ^ 
geometric surface area to volume ratio of at least 20 



WO 90/06297 



PCI7US89/05370 



- 17 - 



10 



15 



CnVanS ' While there ls ™> strict upper limit of surface 
area to volume ratio, it normally does not exceed about 40 
cm Vera*. A wide variety of materials can be used in the 
construction of the catalyst including materials not 
normally considered to have catalytic activity, provided 
that the catalyst configuration has the desired surface ai,a 
to volume ratio. 

The catalyst disc 54 can be, for example, a 
monolithic structure having a honeycomb type cross-sectional 
configuration. Suitable monolithic structures of this typo 
are produced commercially, in sizes smaller than those use-! 
in the process of the invention, as structural substrates 
for use in the catalytic conversion of automobile exhausts 
and as catalytic combustion chambers of gas turbines or for 
catalytic oxidation of waste streams. Typically, the 
monolithic structure is an extruded material containing a 
plurality of closely packed channels running through the 
length of the structure to form a honeycomb structure. The 
channels are typically square and may be packed in a density 
20 as high as 1,200 per square inch of cross section. The 

monolithic structure can be constructed of any of a variety 
of materials, including cordierite (MgO/Al a o 3 /siO a ) , Mn/Mgo 
cordierite (Mn-MgO/Al a 0 3 /SiO a ) , mullite (Al a 0 3 /SiO a ) , 
mullite aluminum titanate (Al a0 3/SiO a -(Al > Fe) a o 3 /TiO a ) , 
25 zirconia spinel (ZrO a /MgO/Al a 0 3 ) , spinel (Mg0/Al a O3), 

alumina (Al a 0 3 ) and high nickel alloys. The monolithic 
catalyst may consist solely of any of these structural 
materials, even though these materials are not normally 
considered to have catalytic activity by themselves . 
30 using honeycombed substrates, surface area to volume ratio* 
up to 40 cm*/cm* or higher can be obtained. Alternatively, 
the monolithic substrate can be coated with any of the 
metals or metal oxides known to have activity as oxidation 
catalysts. Th se include, for example, palladium, platinum, 
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rhodium, iridium, osmium, ruthenium, „ ickG l, c „ romium , 
cobalt, cerium, lanthanum and mixtures thereof, other 
metals which can be used to coat the catalyst disc 54 

5 vb v« "° bl : metalS ^ metalS ° f 9r ° upa IA ' ™, 
5 VB, VIB, or VIIB of the periodic table of elements. 

The catalyst discs 54 may also consist of 

a 5 b^ti al "T 119 materialS ' 5UCh aS th3t U8ed in ^9 
absorption columns. These packing materials generally 

10 tHin Sh6etS ° f COr ^ ated -t.1 tightly packed 

10 together to form elongate channels running therethrough. 

!hlts 1 P3Cking raaterlalS ^ C ° nSi8t °* corrugated 

steels ch ZT SUCh 85 hi9h Alloys, stainless 

steels, chromium, manganese, molybdenum and refractory 
materials. These material- can (f • j , 
15 m««- a i = ^ , can ' if desired, be coated with 

tToxioat ° xldes knOKn to have »°"^y 

rnodZ d " 10 " rMC tlOT ' «* « Palladium, platinum, 
Aodium, iridrum, osmiWi nlckel chromim „ 

cobalt, cerium, lanthanum and mixtures thereof 

20 „ ire »« h ^ r aly5t diSCS 54 Ca " —•*»•< °' — • 

-sh, such as high temperature alloys or platinum 
mesh l£ desrred, the wire mesh can also be coated „tth a 
metal or metal oxide ha»i„ s catalytic activity ^ ^ 

Z£T 0 IMCtl0n ' inClUdin9 PaUadi ' m ' rhodium, 

iridium, osmium, ruthenium ni r~ir«i „u , 
•>«; i a.^ 1UB ' nickel, chromium cobalt, cesium 

25 lanthanum and mixtures thereof. cesium, 

The surface area to volume ratio of any of the 
aforementioned catalvst confim,™., 

™»4-« „u cacaAvst configurations can be increased by 

coating the surfaces thereof with an aqueous slurry 
containing about 1% or less hv „ Q i„u t - 
30 or 7 Wei 9ht of particulate metal 

or metal oxide such as alundna, or metals of groups 1A, tI A 
III, IV VB, via and VIXB and firing the coated surface a" 
high temperature to adhere the particulate metal to the 
surface, butnot so high as to cause sintering of the 
surface. The particles employed should hav a BET 
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(Brunnauer-Emmett-Teller) surface area greater than about 10 
m l /gram, preferably greater than about 200 mVgram. 

A gaseous mixture of hydrocarbonaceous feedstock, 
oxygen or an oxygen-containing gas such as air, and, 
5 optionally, steam is introduced into the catalytic partial 
oxidation zone at a temperature not lower than 200°F (93°C) 
below its autoignition temperature. Preferably, the gaseo 
mixture enters the catalytic partial oxidation zone at a 
temperature equal to or greater than its autoignition 
10 temperature. It is possible to operate the reactor in a 
mass transfer controlled mode with the reactants entering 
the reaction zone at a temperature somewhat below the 
autoignition temperature since the heat of reaction will 
provide the necessary energy to raise the reactant 
15 temperature within the reaction zone, in such a case, 
however, it will generally be necessary to provide heat 
input at the entrance to the reaction zone, for example by 
sparking device, or by preheating the contents of the 
reactor, including the catalyst, to a temperature in excess 
of the autoignition temperature prior to the introducing of 
the reactants in order to initiate the reaction. if the 
reactant temperature at the input to the reaction zone is 
lower than the autoignition temperature by more than about 
200°F (93°C), the reaction becomes unstable. 
25 Wnen the reactant mixture enters the catalytic 

partial oxidation zone at a temperature exceeding its 
autoignition temperature, it is necessary to introduce tht- 
mixture to the catalyst bed immediately after mixing; thai 
is, the mixture of hydrocarbonaceous feedstock and oxidant 
should preferably be introduced to the catalyst bed before 
the autoignition delay time elapses. It is also essential 
that the gaseous reactants be thoroughly mixed. Failure t«> 
mix the reactants thoroughly reduces the quality of the 
product and can lead to overheating. A suitable apparatus 
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for mixing and distributing the hydrocarbonaceous feedstoc) 
and oxygen or oxygen-containing gas so as to pi r>vide 
thorough mixing and to introduce the heated renctants into 
the reaction zone in a sufficiently short time is 
5 illustrated in Figs. 1-5 and described in more deta j J in 

copending commonly assigned U.S. patent application Serial 
No. 085,159 filed August 14, 1987 in the names of J.D. 
Korchnak, M. Dunster and J.H. Marten. 

Referring to Fig. 1, one of the feed gases, i.e. 
10 hydrocarbonaceous gas or oxygen-containing gas, is 

introduced into the input section 30 through a first inlet 
port 66 through the top 42 which communicates to an upper 
feed cone 68 which forms a first chamber. The cone 68 is 
fastened by supports 69 in the top 42. The other feed gas 
15 is introduced into the input section 30 through second 

inlets 70 extending through side ports of the shell 40 and 
communicating to a second chamber 72 which is interposed 
between the upper chamber 68 and the inlet of the catalyst 
reaction section 32. A ring 73 mounted on the central 
20 portion of an upper wall 75 of the chamber 72 sealingly 

engages the lower edge of the cone 68 so that the wall 82 
forms a common wall between the upper chamber 68 and lower 
chamber 72. The chamber 72 has an upper outer annular 
portion 74, see also Figs. 2 and 3, which is supported on 
25 the top surface of the refractory layer 50. A lower porti- 
of the chamber 72 has a tubular wall 76 which extends 
downward in the refractory sleeve 50. The bottom of the 
chamber 76 is formed by a cast member 78. 

Optionally, steam can be introduced into ei titer ■• 
both of the hydrocarbonaceous feedstock and oxygen ot. 
oxygen-containing gas. The gases are fed to the reactor in 
relative proportions such that the steam- to-carbon nmlar 
ratio is in the range from 0:1 to 3.0:1, preferably trom 
0.8:1 to 2.0:1. The oxygen-to-carbon ratio is from 0.4:1 l 
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0.0:1, preferably from 0.45 to 0.65. Although air may be 
used as the oxidant in the process of the invention, it is 
preferred to use oxygen or an oxygen-rich gas, in order to 
minimize the inert ingredient.-, such as nitrogen that must l« 
carried through the system. Hy "oxygen-rich" is meant a g..P 
containing at least 70 mole.% oxygen, preferabJy at lonst 
mole.% oxygen. 

The reactant mixture preferably enters the 
catalytic reactor section 32 at a temperature at or above 
its autoignition temperature. Depending on the partf.cii.lar 
proportions of reactant gases, the reactor operating 
pressure and the catalyst used, this will generally be 
between about 550°F (290°C) and 1,100°P (590*C). 
Preferably, hydrocarbonaceous feedstock and steam are 
admixed and heated to a temperature from 650°F (340°C) to 
1,200°F (650°C) prior to passage through inlet port(s) 70 or 
66. Oxygen or oxygen-containing gas, such as air, is heated 
to a temperature from 150°F (65°C) to 1200°F (650°C) and 
passes through the other inlet port(s) 66 or 70. 

Referring again to FIG. 1, the mixing and 
distributing means comprises a plurality of elongated tubes 
80 having upper ends mounted in the upper wall 75 of the 
chamber 72. The lumens of the tubes at the upper end 
communicate with the upper chamber 60. The bottom ends of 
the tubes 80 are secured to the member 78 with the lumens < \ 
the tubes communicating with the upper ends of passageways 
84 formed vertically through the member 78. Orifices 86 ai" 
formed in the walls of the tubes 80 for directing streams • I 
gas from the chamber 72 into the lumens of the tubes 80. 
The inlets 66 and 70, the cone 68, the supports 69 are 
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The number of tubes 00, the internal diameter 90 
(see FIG. 5) of the tubes 80, the size and numbo r of the 
orifices 86 in each tube are selected relative to the gas 
input velocities and pressures through inlets 66 and 70 so 
as to produce turbulent flow within the tubes 80 at «i 
velocity exceeding the flashback velocity of the mixture. 
The minimum distance 92 of the orifices 86 from the bottom 
end of the tube 80 at the opening into the diverging 
passageways 84 is selected to be equal to or greater than 
that required for providing substantially complete mixing of 
the gas streams from chambers 68 and 72 under the conditions 
of turbulence therein. The size of the internal diameter 90 
of the tubes 80 as well as the length 94 of the tubes is 
designed to produce a sufficient pressure drop in the gas 
15 passing from the chamber 68 to the reaction chamber so as to 
provide for substantially uniform gas flow through the tubes 
80 from the chamber 68. Likewise the size of the orifices 
86 is selected to provide sufficient pressure drop between 
the chamber 72 and the interior of the tubes 80 relative to 
20 the velocity and pressures of the gas entering through 

inlets 70 so as to provide substantially uniform volumes of 
gas flows through the orifices 86 into the tubes 80. 

The diverging passageways in the member 78 are 
formed in a manner to provide for reduction of the velocity 
25 of the gas to produce uniform gas distribution over the 
inlet of the catalyst. The rate of increase of the 
cross-section of the passageway 84 as it 'proceeds downward, 
i.e., the angle 98 that the wall of the passageway 84 urn km- 
with the straight wall of the tubes 80, must generally U> 
equal to or less than about 15° and preferably equal to or 
less than 7° in order to minimize or avoid creating v.,i tic m 
within the passageways 84. This assures that the 
essentially completely mixed gases, at a temperature near !•• 
or xceeding the autoignition temperature, will pass into 
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the catalyst bed in a time preferably less than autoigniti< 
delay time. The configuration of the bottom ervl of the 
passageways, as shown in FIG . 4, is circular. 

The gas exiting the catalytic partial oxidation 
5 reactor contains hydrogen, carbon dioxide, carbon monoxide 
and some methane. The synthesis gas leaving the catalyst 
zone is first cooled by heat exchange, either by heating tl 
hydrocarbon and steam feed stock, by heating the oxidant 
stream, by super heating steam, by raising steam in a 
10 boiler, by preheating boiler feed water or any combination 
thereof . 

Adjustment of Hy drogen to Carbon Oxide Ratio 

The gas stream that is converted to methanol in 
the methanol synthesis loop contains hydrogen and carbon 
15 oxides, i.e. carbon dioxide and carbon monoxide. The molar 
ratio of hydrogen to carbon oxides in the gas to be 
converted can be expressed as the methanol stoichiometric 
synthesis gas ratio (MSSGR). The MSSGR is defined as the 
following molar ratio: 

20 MSSGR = 

2 CO + 3C0 2 

The MSSGR should have a value of at least 0.8 and preferabl 
from about 0.95 to 1.1 for methanol synthesis. Normally, 
the synthesis gas from the catalytic partial oxidation 

25 reactor will be slightly carbon-rich, that is, the MSSGR if; 
somewhat lower than that ideally desired. In. order to 
correct the stoichiometry, carbon is removed, either from 
the synthesis gas passing to the methanol synthesis loop, 
the methanol loop or the purge gas from the methanol 

30 synthesis loop. 

Carbon dioxide can be removed from the synthesis 
gas stream by any know method. For example, the gas stream 
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can be passed through a countercurrent liquid stream of a 
carbon dioxide absorbing m ediu„,. Commercial processing 
unxts for carbon dioxide removal are available, for examp,,, 
under the trademarks Selexol, Amine Guard, and Benfield 

Since the amount of carbon dioxide in the 
synthesis gas is relatively s maU it may be net:esg Lo 
remove a portion of the carbon monoxide in order to achiev 
the desired MSSGR . Any know,, method for carbon monoxide 
removal can be employed. One suitable method involves 
converting at least a portion of the carbon monoxide to 
carbon dioxide by water gas shift reaction and then removi,, y 
the carbon dioxide from the gas stream. The water gas shift 
reaction is known, and suitable equipment for carrying out 
the reaction is commercially available. 

An alternative method for removing carbon oxides 
P ressure *»ing absorption. This procedure can be 
employed not only to remove the desired amount of carbon 
monoxide and/or carbon dioxide, but also to remove 
components of the gas stream that are not required for 
methanol production such as methane and nitrogen. Pressure 
swing adsorption involves the adsorption of components to be 

::is°:i at ^ pressure foiiowed * — •* £ 

two Z T process operates on a repeated ^ 

two basic steps, adsorption and regeneration. Not all the 
hydrogen is recovered as some is lost in the waste gas 
during the regeneration stage, but by careful selection of 
the frequency and sequence of steps within the cycle Lb. 
recovery of hydrogen is maximized. ' 

Regeneration of the adsorbent is carried out in 
three basic steps. 

(a) The adsorber is depressurized to the l„ w 
pressure. Some of the waste components are 
desorbed during this step. 
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(b) The adsorbent is purged at low pressure, with 
the product hydrogen removing the remaining wast.j 
components . 

(c) The adsorber is repressurized to adsorption 
5 pressure ready for service. 

Pressure swing adsorption is most effectively 
employed to remove carbon oxides and inert materials, for 
example, methane and nitrogen, from the methanol synthesis 
loop. 

10 Methanoi Synthesis 

The hydrogen, carbon dioxide and carbon monoxido 
are reacted under methanol-producing conditions. Any known 
procedure for reacting hydrogen, carbon dioxide and carbon 
monoxide to produce methanol can be used. Preferably, they 
are reacted in a medium pressure process in a circulating 
catalytic reactor at a pressure from about 50 atm (5070 Kin) 
to 120 atm (12160 KPa), more preferably from about 70 atm 
(7090 KPa, to 100 atm (10i30 KPa,. This type of synthesis 
and equipment for carrying it out are known in the art. 

The synthesis gas is compressed to between 50 atm 
(5070 KPa, and 120 atm (12160 (KPa), preferably between 70 
atm (7090 KPa) and 100 atm (10130 KPa). The gas enters a 
methanol synthesis vessel in which it is admixed with 
recycle gas. The gas then passes into a catalytic methanol 
25 converter. The methanol converter typically comprises a 

pressure vessel containing a catalyst bed and facilities J„ 
moderating the exothermic reaction of hydrogen with the 
carbon oxides to produce methanol, for example by inject!,., 
cold gas at intervals within the catalyst bed. 

Any commercially available catalyst which is 
capable of catalyzing the reaction of hydrogen, carbon 
monoxide and carbon dioxide to produce methanol can be 
employed. Such catalysts are manufactured, lor example, ly 
Imperial Chemical Industries, Katalco, and lialdor Topsoe, 
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inc. Preferred catalysts for methanol synthesis are 
composed of zinc oxide and copper oxide. The methanol 
synthesis reaction generally takes place at a temperature i„ 
the range from about 410°F ( 210°C) to 570T (3U0°C) 
5 depending on the activity of the particular catalyst 
employed . 

The exit gas f roiil the methanol converter is pas* ».| 
through a condenser in which it is cooled with water and 
then through a separator. The bottoms product of tho 
separator contains methanol condensate. An amount o£ gas is 
purged from the methanol synthesis loop in order to maintain 
the concentration of inert gases circulating within the loop 
at acceptable levels. The remaining gas is admixed with 
xncomxng synthesis gas to be recycled to the methanol 
15 converter. 

As previously indicated, carbon monoxide and/or 
carbon dioxide can be removed either from the circulating 
gas xn the methanol synthesis loop or from the purge gas in 

20 IT! To ^r 1 " deSired MSSGR ' Preferab ^ 0.96 
20 and 1.10, entering the converter. When carbon oxides are 

removed from the purge gas, the remaining hydrogen-rich gas 
is recycled to the methanol synthesis loop. 
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The crude methanol containing water is then 
purified by conventional means to obtain essentially pure 
methanol. Preferably, the methanol condensate is purifie, 
m one or more distillation columns. 

The process of the invention can be understood 
further by reference to the flow diagram of FIG. 11 

When compared to present day commercial processes, tho 
catalytic partial oxidation process offers the folJowing 
advantages . 

(1) The high cost steam reforming furnace is 
eliminated . 
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(2) Low catalyst volume when compnnnl to either 
steam reforming or nutothcrmal reforming. 

(3) Low oxygen consumption when compared to 
conventional non-catalytic partial oxidation 
processes . 

(4) Low water consumption when compared to steam 
reforming or steam reforming plus autothermal 
reforming. The process is therefore particular] y 
suitable either when water is not availabJe (e.g. 
in desert locations) or is expensive (e.g. must »>e 
produced by desalination). 

(5) Reduced area requirement when compared to the 
steam reforming route to methanol (particularly 
suitable for offshore application). 

15 ( 6 ) H igh efficiency in terms of feedstock 

conversion when compared to present processes 
(either reforming or partial oxidation). 
(7) Lower in capital cost then all present 
commercial processes. 
20 A Process flow diagram of a methanol plant 

designed for maximum efficiency is shown in FIGS. 13-15. 
Hydrocarbonaceous feedstock, such as natural gas stream 200, 
FIG. 14 , is optionally desulfurized using conventional 
methods. Desulfurization may, for example, be conveniently 
25 carried out by preheating the hydrocarbonaceous feedstock 

a temperature between about 250°F (120°C) and 750 W F (400°C) 
and absorbing the sulfur compounds into zinc oxide contain-.) 
in one or several desulfurization vessels 202. The 
desulfurization vessel 202 is located upstream of a 
feedstock saturator 204 in the embodiment shown in FJG. 14: 
alternatively, the desulfurization vessel 202 can be local 
downstream of the synthesis gas compressor, as shown in th- 
embodiment in FIG. 16. 
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The desulfurized hydrocarbonaceous foods Lock is 
saturated with water vapor in the forced film saturator 204. 3 
The forced film saturator 204 is a distinctive feature of 
the process and results in reduced capital cost and power 
5 requirements when compared with the more conventional pacK<>d 
tower type of saturator presently employed in commercial 
installations- The forced film saturator 204 consists of * 
vertical shell and tube exchanger and a water circulation 
system 206. The desulfurized hydrocarbonaceous feedstock 

10 and water enter the top head 208 of the exchanger and flow 

vertically downward through the tubes 210. The feedstock is 
heated as it flows though the tubes, for example to a 
temperature of about 400°F (206°C) r and as it is heated, its 
water vapor content increases due to vaporization of the 

15 circulating water. The heating medium, in this case 

methanol reactor effluent gas stream 330, passes to the 
shell side of the tubes 210 in the forced film saturator at 
the bottom and flows countercurrent to the feedstock flow to 
emerge at a lower temperature at the top outlet of the 

20 shell. The desulfurized hydrocarbonaceous feedstock and 

unvaporized water emerge from the exchanger tubes 210 at the 
bottom and are separated in the bottom head 212. Recovered 
water is recirculated by the pump 206 to the top 208 of the 
forced film saturator and the saturated hydrocarbonaceous 

25 feedstock passes to saturated feedstock line 220. Makeup 

water 216 is added to the recycle water stream, and blowdi vn 
line 218 for the saturator water recycle stream is ptovidi-l. 

The major advantages of the forced film Rnt.it in Let 3 
204 over the conventional packed bed saturator are: (I) 'Mm 

30 forced film saturator has a considerably lower water 2 
circulation rate and hence lower power consumption. (2) 
The forced film saturator has a simpler design and 
consequently improved operability and reliability. (3) Th*» 
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capital cost of the forced film saturator is less than that 
of the packed bed type. 

As shown in FIG. 1J, tho saturated feedstock 
passes through line 220 to coil 222 of a fired heater 224 
5 where the saturated feedstock is preheated to a temperntur <> 
in the range from 650°F (340°C) to 1200°F (650°C), fur 
example to 1100°F (595°C), by combustion of fuel in the 
fired heater with air. The fuel 225 can be one or more 
waste gas streams from the methanol plant, such as lusel c* i J 
10 stream 226 from distillation, flash gas stream 228 from the 
ammonia synthesis loop, PSA purge gas stream 230, and light, 
ends stream 232 from distillation which are combusted with 
air 227. 

The heated saturated feedstock on line 234 from 
15 the heater 224 is fed to the catalytic partial oxidation 

(CPO) reactor 28 where it is mixed with an oxygen or oxygen- 
containing stream 236 as has been described hereinbefore. 
The oxygen stream 236 is obtained from an air separation 
plant 238 and preheated to a temperature in the range from 
20 150°F (65°C) to 1200°F (650°C), for example, 300°F before 

being mixed with the natural gas and steam feedstock passing 
to the CPO catalyst. High pressure steam is used to preheat 
the oxygen in a heat exchanger 240. The. main overall 
reactions taking place within the CPO reactor 28 are the 
25 partial oxidation reactions: 

CnH 2n ^2 + n / 2 0 2 > nCO + (n + 1)11* (9, 

and the water gas shift reaction: 

CO + H a O > C0 2 + H a (4) 

FIG. 6 shows oxygen consumption for the above 
30 process, as a function of the steam- to-carbon molar ratio >)f 
natural gas feedstock, for reaction temperatures of 1,G0O V 'F 
(870°C), 1,750°F (950°C) and 1,900°F (1040°C) and an 
operating pressure of 400 psig (2760 KPa). It can be seen 
from the graph that oxygen consumption, expressed as 
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IZIZTITIIT raol ;f raUo - is relati ^ «~ *« * 

Partial oxid^- " Wlth 

partial oxxdatxon processes. The dashed li„ e ?5 in F1G , 

represents the minimum temperature and 
5 i e fcho mi „- ., P-rature and steam conditions, 

i.e. the minimum temperature is a ltn D , r 
Btpam ^ . ' 8 ilnea r function of (.he 

steam-to-carbon ratio, which have been dl«™„ . 

». P»i9 (2860 KP„. Convent y the T"" ° 4 SbOUt 

^ toui ,uantit y o£ . ^ ~ ™ ™- 

carbon molar ratio of approximate!^ ^7. " 6lMm " 1 "" 
additional ma,ce-up steam la „„■ • 
K catal y tic peroxidation ^n""^: ~ 
» temperature In accordance with the invention. 

FIG. 7 shows the molar raHn «f w , 
to carbon monoxide in the Product L a f.ncto7of' " 
steam-to-carbon ratio for reaction f . 10 " ° f 

2o («.-c. i. 75 „. r (S50 . C) a :r:z4°zzzr ° f ^ 

"ethane JZL'SS^ZZ* tt " 
function of steam-to-carbon ratio or reaction " * 

• -cess. j^r^ ::r:r,^ar u r n o£ L 

in the product divided by total moles of " Z 7"°'" ' 
the feedstock as a function of ► Carb °" in 

reaction ^J^.^^TTZ^ 
and 1,900-F (I040-C) 1,750 r (» r '»"<:) . 

30 mu 

The reactor effluent 244 is flr= t ....... 

venerating steam in a boiier 346 which race- * 

high pressure steam drum 2 „ ana returns^ WnL "' ' " 

The drum 2 48 operates at a high pres u « of "7 " """ 

— isso psi, (10700 ^ , — <- L rr: _ 
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drum is first heated in coils 252 of the heater 224 and the 
fed to the drum through line 254. steam output. 256 from u„ 
drum 248 is further heated in coils 258 to produce 
superheated steam 260 which cm, be used to operate sl-am 
turbines or provide heating for process steps. Line 262 t> » 
a blow down drum (not shown) provides for blow down of the 
drum 248. 

The reactor effluent is passed by line 264 to 
distillation column reboiler 266, by line 268 to 
distillation column reboiler 270, by line 272 to 
demoralized water heater 274, and by line 276 to synthes-s 
gas cooler 278 for further cooling, for example, to 100°F 
(38«C), by recovering and utilizing the heat in the 
synthesis gas. Water in the process stream is condensed and 
the stream passes to knockout drum 280 where the water 281 
is separated from the synthesis gas . Alternative cooling 
and heat recovery schemes can be used. 

After water removal, the synthesis gas in line 2>J? 
18 mixed With ^drogen 284 from PSA unit 286, FIG. 14, and 
passes to make-up compressor unit 288 where the synthesis 
gas is compressed to the methanol loop pressure, for 
example, to 1220 psig (8410 KPa). The make-up compressor 
unit of FIG. 13 includes compressor 290, heat exchanger 23? 
knockout drum 294, and compressor 296 to produce the make-.,,- 
gas stream 290 which is passed to the methanol synthesis 
loop in FIG. 14. The compressors 290 and 296 can 
conveniently share a common steam turbine drive 300 with 
methanol loop circulator 302, FIG. 14. 

The make-up synthesis gas 298 from the compresso- 
unit 288 joins the gas circulating in the methanol synthes.s 
loop at the discharge 304 of the circulator 302. The loop 
stream 306 is preheated in loop heat interchanyer 30U hero.- 
passing in line 310 to tube cooled methanol converter 312 
Start-up heater 314 is provided so that, upon start up of 
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15 



the methanol converter, the incoming process stream can be 
heated to the reaction temperature until the methanol 
converter becomes hot enough due to the heat gnnerated by 
the reaction to heat the incoming gases, whereupon operation 
of the start-up heater 314 can be discontinued. 

The tube cooled converter, shown in detaij in FI«:. 
12, is a distinctive feature of the process and includes a 
simple gas-to-gas heat exchanger with no high differential 
pressure tubesheets. The vessel shell 314 is designed to 
retain the process pressure, inlet 316 connects through 
distributor 318 to intermediate branch tubes 320 which, in 
turn, are connected through distributors 322 to a plurality 
of tubes 324 extending vertically upward through the 
catalyst bed 326. The catalyst bed is supported on a bed ..f 
ceramic balls 328 which are separated from the outlet 330 hy 
screen support 332. The reactant gas is fed though inlet 
316 into the bottom of the converter where it is distribut.-d 
by distributors 318, intermediate branch tubes 320, and 
distributors 322 to the vertical tubes 324. The gas is 
heated as it flows upward by heat exchange through the tube 
and distributor walls. From the exits 334 of tubes 324 at 
the top of the vessel, the reactant gas pass downward, 
through the catalyst, which is packed in the space between 
the tubes 324. The gas flow through the tubes 324 is 
countercurrent to the gas flow through the catalyst bed. 
The temperature profile against methanol concentration is 
quasi-isothermal and is very favorable in terms of reactio-, 
rates and conversion. 

The main features of the tube cooled converter 
30 are: (1) The design is mechanically simple with no high 
differential pressure across the tube material and no 
tubesheet construction problems. (2) Catalyst loading is 
simple. (3) A single reactor can be constructed capable of 
producing methanol at high capacity of over 2000 tons 
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(1,815,000 kg) per day. (4) Methanol synthesis loop 
circulating gas rates are reduced when compared to a 
conventional quench type of reactor. (5) Heat recovery is 
simplified; boiler feedwater preheating, steam raising or 

5 feedstock saturation may be employed. (6) Control is 
simplified. (7) Catalyst volume is reduced. 

From the tube cooled converter 312, the effluent 
gas 330 passes to the shell side of the forced film 
saturator 204, where the gas is cooled, for example lo a 

10 temperature of about 340°F (170°C), by heat transfer to th-; 
circulating water and incoming natural gas stream flowing 
through the tubes 210. The converter effluent gas emerges 
from the saturator in line 336 and passes to the heat 
exchanger 308 where the effluent gas is further cooled by 

15 heat exchange with the loop feed for the converter. Then 
the gas from the converter is fed over line 338 to loop 
condenser 340 which is cooled by water to condense the 
methanol in the methanol loop stream. Condensed methanol Is 
separated from the methanol loop in separator 342, and 

20 passed over line 344 to pressure letdown vessel 346 before 
being passed in crude methanol stream 348 to the 
distillation section 350 in FIG. 15. 

The gas stream 354 from the separator is split 
into a recycle stream 356 passing to the suction inlet of 

25 the circulator 302 and a purge stream 358 taken through 

valve 360 to maintain the concentration of inert material in 
the methanol loop at acceptable levels. Hydrogen is 
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In the distillation section 350 r FIG. J5 f the 
crude methanol 348 is passed to a distillation r:olunm 364 
where light end materials such as absorbed gases are 
removed. The overhead 366 from the column 364 is passed 
5 through water cooled condensers 368 and 370 with the 

condensate passing to drum 372 from which it is drawn by 
pump 374 to form a reflux stream for the column. Tin* 
noncondensed light ends 232 are passed as fuel to the fire'l 
heater. Bottom streams frcn the column 364 are recycled 

10 through reboilers 266 and 374 heated by the synthesis gas 

stream and steam, respectively. The methanol stream 378 is 
passed by pump 380 to distillation column 382 where the 
stream is separated into the fusel oil stream 226 , a water 
stream 384, and the product methanol stream 386. The 

15 distillation column has retailers 270 and 388 heated by thn 
synthesis gas stream and steam, respectively. The overhead 
389 is withdrawn under vacuum produced by vacuum pump system 
390. The overhead vapors are condensed by water cooled 
condenser 392 and separated in reflux drum 394 before beiny 

20 passed by pump 396 back to the distillation column as a 

reflux stream. The vacuum pump system 390 includes pump 398 
circulating water from collector 400 through water cooled 
heat exchanger 402. Excess water is passed by line 404 from 
the collector 400 back to the bottom of the distillation 

25 column 382. The water stream 384, withdrawn by pump 406 
from the bottoms of column 382, is further cooled by heat 
exchanger before discharge in line 410. 

A process flow diagram of a methanol plant 
designed for low capital cost is shown in FIGS. 16 and 17. 

30 Hydrocarbonaceous feedstock, such as natural gas stream 4?'i ( 
FIG. 17, is passed to a feedstock saturator 422 which is 
similar to the saturator 204 in the embodiment shown in Fit;. 
14. Water is recirculated by pump 424 to the top of the 
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stream through the tubes o£ the saturator. The saturated 
feedstock is separated from the water in the bottom of the 
saturator to form saturated feedstock stream 4 25 and the 
water recycle stream- Makeup water for the recycle water 
5 stream comes from synthesis gas condensate 426 and 

distillation bottoms 4 28. Methanol converter effluent 
stream is fed to the shell side of the saturator to heat th'i 
water and feedstock stream. Line 430 provides for bJowdown 
of the saturator water . 

10 As shown in FIG. 16 , the saturated feedstock 4 25 

passes through coil 434 of a fired heater 436 where the 
saturated feedstock is preheated by combustion of waste fu'») 
438 with air 439. The heated saturated feedstock on line 
440 from the heater 436 is fed to the catalytic partial 

15 oxidation (CPO) reactor 28 where it is mixed with an oxygen 
or oxygen-containing stream 442 and subjected to catalytic 
partial oxidation to produce synthesis gas as has been 
described hereinbefore. 

The reactor effluent 444 is first cooled by 

20 generating steam in a boiler 446 which receives water from a 
steam drum 448 and returns steam to the drum. A second 
steam drum 450 has water flow boiled in coils 452 of the 
fired heater 436. Steam outputs 454 and 456 of the steam 
drums 448 and 450 are combined to produce the steam 458 us'^i 

25 in the process. Lines 460 and 462 provide for boiler 

blowdown from the drums 448 and 450. Boiler feedwater 464 
branches into streams 466 and 468 feeding the respective 
drums 448 and 450. The branch 466 is preheated in heat 
exchanger 472 by the reactor effluent in line 470 from the 

30 boiler 446 b fore passing in line 474 to the drum 448. Tlv 
synthesis gas in line 476 from the heat exchanger 4/2 5s 
further cooled by water in condenser 478 and then passed 
through line 480 to synthesis gas separator 482 where water 
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condensate 484 is removed by pump 486 to provide the 
condensate stream 426. 

After water removal, the synthesis gns in line 4'JO 
is compressed to the methanol loop pressure by compressor 
5 492 to produce feed 494 to the desulfurization vessel 202. 
The output 496 of the desulfurization vessel 202 forms the 
make-up gas for the methanol loop of FIG. 17. 

The make-up synthesis gas 496, in FIG. 17, joins 
the gas circulating in the methanol synthesis loop at the 

10 discharge 498 of the methanol loop circulator 500. The loop 
stream 502 is preheated in heat exchanger 504 by steam 
before passing in line 506 to tube cooled methanol convertor 
508 which substantially similar to tube cooled methanol 
converter 312 of FIG. 14. Line 510 from the loop heater 504 

15 provides heated loop gas to the top of the converter 508 
during initial start-up of the methanol converter. 

From the tube cooled converter 508, the effluent 
gas 512 passes to the shell side of the forced film 
saturator 422, where the gas is cooled by heat transfer to 

20 the circulating water and incoming natural gas stream 

flowing through the saturator. The converter effluent gas 
emerges from the saturator in line 514 and passes to water 
cooled condenser 516 to condense the methanol in the 
methanol loop stream line 518. Condensed methanol is 

25 separated from the methanol loop in separator 520 and pass«"l 
over line 522 and valve 524 to pressure letdown vessel 526 

The gas stream 528 from the separator 520 is spin 
into a recycle stream 530 passing to the suction inlet of 
the circulator 500 and a purge stream 532 taken through 

30 valve 534 to maintain the concentration of inert material in 
the methanol loop at acceptable levels. Flash gas 5.10 
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From the let-down vessel 526 , crude methanol 540 
Is passed to a distillation column 542 where the stream is 
separated into a light ends stream 544, a water stream 546, 
and the product methanol sLre.mii 548. The distillation 

5 column has a reboiler 550 hen tod by steam. The overhead 5V 
is cooled by water cooled condenser 554 producing a 
condensed methanol stream 556, a portion of which is used -ir 
a reflux stream through pump 550. The remaining portion ol 
the condensed methanol stream 556 is combined with the fusH 

10 oil fraction 560 to form the product stream 540. The water 
stream 546 from the bottoms of column 542, is cooled in 
cooler 562 and passed by pump 564 to the stream 428 feeding 
the saturator 422. 

The following examples are intended to illustrate 

15 further the invention described herein and are not intended 
to limit the scope of the invention in any way. 

EXAMPLE I 

A methanol plant in accordance with FIGS. 13, 14 
and 15 is operated to produce 2000 tons (1,800,000 kg) of 
20 methanol per day. The following TABLES I, II, and III set 
forth moles/hour, mole percent, and parameters of pressure, 
temperature, water/steam, and heat transfer for the plant. 
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EXAMPLE TT 

A methanol plant in accordance with FIGS . 16 and 
17 is operated to produce 102,000 lbs. (46,400 kg) of 
methanol per day. The following TABLES IV, v, and VI set 
forth moles/hour, mole percent, and parameters of pressure 
tempe rature, water/steam, and heat transfer for the p JanL ." 
The moles/hour are lb moles/hour (0.4536 kg moles/hour,. 
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Since many modifications, variations, and changes 
in detail may be made to the above described embodiments 
without departing from the scope and spirit of. the 
invention, it is intended that all matter described above 
5 and shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting sense. 
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CLAIMS 

1 1. A process Cor producing methanol which 

2 comprises: forming a homogeneous gaseous mixture of a 

3 hydrocarbonaceous feedstock, an oxidant, and optional steam 

4 wherein the oxygen- to-carbon molar ratio is in the range 

5 from 0.4:1 to 0.8:1 and the steam- to-carbon molar ratio is 

6 in the range from 0:1 to 3.0:1; catalytically partially 

7 oxidizing the mixture at a temperature equal to or greater 

8 than a minimum temperature selected as a linear function 

9 which includes a range from 870°C to 1040°C corresponding tn 
a range of the steam- to-carbon molar ratio from 0.4:1 to 0:1 

11 thereby producing a synthesis gas containing hydrogen, 

12 carbon monoxide and carbon dioxide; reacting the hydrogen, 

13 carbon monoxide and carbon dioxide under methanol-producing 

14 conditions; and recovering methanol. 

1 2. A process as claimed in Claim 1, wherein the 

2 gaseous reaction mixture passes through the total volume of 

3 catalyst employed for the production of synthesis gas from 

4 hydrocarbonaceous feedstock with a space velocity in the 

5 range from 20,000 hour- 1 to 500,000 hour- 1 . 

1 3. A process as claimed in Claim 1, wherein the 

2 catalytic partial oxidation is carried out at a 

3 steam-to-carbon molar ratio in the range from 0.8:1 to 2.0:1 

4 and an oxygen-to-carbon molar ratio in the range from 0.45:1 

5 to 0.65:1. 

1 4. A process as claimed in Claim 1, where in Urn 

2 oxidant in the catalytic partial oxidation step is an 

3 oxygen-rich gas containing at least 70 mole % oxygen. 

1 5. A process as claimed in Claim 1, wherein th«! 

2 oxidant in the catalytic partial oxidation step is an 

3 oxygen-rich gas containing at least 90 mole % oxygen. 

L ft TV nrnroee ae» <"•!<-*<■ m*%*-l i r«i _ i * • . ■ 
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1 7. A process as claimed in Claim 1, wherein the 

2 catalytic partial oxidation takes place at a temperature 

3 between about 760°C to 12G0*C. 

1 8. A process as claimed in Claim 7, wherein thn 

2 catalytic partial oxidation takes place at a tempera Lure 

3 between about 070°C to 1090 J C. 

1 9. A process as claimed in Claim 1, wherein Uip 

2 gas which undergoes methanol synthesis is treated to adjust 

3 the molar ratio of hydrogen to total carbon monoxide and 

4 carbon dioxide such that the ratio 

5 H, 

6 2CO + 3C0 2 

7 has a value of at least 0.8. 

1 10. A process as claimed in Claim 9, wherein the 

2 ratio 

3 Ha 

4 2CO + 3C0a 

5 has a value of between 0.90 and 1.1. 

1 11. A process as claimed in Claim 9, wherein the 

2 ratio 

3 n a 

4 2CO + 3COa 

is adjusted by adding hydrogen recovered from methanol loop 
purge gas. 

1 12. A process as claimed in Claim 9, wherein thn 

2 ratio 

3 Ha 

4 2CO + 3COa 



is adjusted by adding hydrogen recovered from a comb inn t ion 
of methanol loop purge gas and synthesis gas produced by 
catalytic partial oxidation. 
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2 forced film saturator to recover heat of reaction from 

3 methanol synthesis. 

14. A process as claimed in claim 1 which uses n 
tube cooled converter in which reactions producing methanol 

3 are performed. 

15. A process as claimed in claim 1 which uses ,i 
single packed column for distillation of crude methanol to 
produce refined methanol. 

16. A process for producing methanol from a 
hydrocarbonaceous feedstock which comprises: 

(a) introducing to a catalytic partial oxidation 
zone an essentially, completely mixed gaseous mixture of a 
hydrocarbonaceous feedstock, oxygen or an oxygen-containing 
gas and, optionally, steam in which the steam- to-carbon 
molar ratio is in the range 0:1 to 3.0:1 and the oxygen-to- 
carbon molar ratio is in the range from 0.4:1 to 0.8:1, said 
mixture being introduced to the catalytic partial oxidation 
zone at a temperature not lower than 93°C below its 

11 catalytic autoignition temperature; 

12 < b > Partially oxidizing the hydrocarbonaceous 
feedstock in the catalytic partial oxidation zone to produce 
a gas consisting essentially of methane, carbon oxides, 
hydrogen and steam by passing the mixture through catalyst 
capable of catalyzing the partial oxidation of the 
hydrocarbons, said catalyst having a ratio of geometric 
surface area to volume of at least 5 croVcm* and a total 
volume corresponding to a space velocity of between 20,000 
hour-\ thereby producing a synthesis gas containing 
hydrogen, carbon monoxide and carbon dioxide; 
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3 2.0s 1 and the oxygen-to-carbon molar ratio is in the range 

4 from 0.45:1 to 0.65:1. 

1 18. A process as claimed in Claim 16, wherein the 

2 methanol -producing reaction is carried out at a temperature 

3 from about 210°C to 302°C with the reactants in contact wi»h 

4 a catalyst containing zinc oxide and copper oxide. 

1 19. A process as claimed in Claim 16, wherein thu 

2 gas which undergoes methanol synthesis is treated to adjust 

3 the molar ratio of hydrogen to total carbon monoxide and 

4 carbon dioxide such that the ratio 

5 H a 

6 2CO + 3C0 2 

7 has a value of at least 0.8. 

1 20. A process as claimed in Claim 19, wherein the 

2 ratio 

3 H 2 

4 2C0 + 3C0a 

5 has a value between about 0.95 and 1.1. 

1 21. A process for producing methanol from a 

2 hydrocarbonaceous gas containing principally methane, the 

3 process comprising: 

4 (a) mixing the hydrocarbonaceous gas with steam 

5 and an oxygen-containing gas at a steam- to-carbon molar 

6 ratio in the range from 0:1 to 3.0:1, and at an oxygen-to- 

7 carbon molar ratio in the range from 0.4:1 to 0.8:1 under 

8 conditions providing thorough even mixing without 

9 combustion; 

10 (b) partially oxidizing the hydrocarbonaceous 

11 gas, steam and oxygen gas mixture in a catalytic partial 

12 oxidation zone having a catalyst capable of catalyzing thf 

13 partial oxidation of the methane, said catalyst having a 

14 ratio of geometric surface area to volume of at least 5 

15 cm Vera 3 and a total volume corresponding to a space velocity 

1fi in f ha yanna fr#™ *)fl flOn «-«-« Cnn nnn U i »_t 1 
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17 producing a synthesis gas containing hydrogen, carbon 
« monoxide and carbon dioxide; 

W reacting the hydrogen, carbon woxide and 
carbon dioxide ander methanol producing conditions; and 
(d) recovering the methanol. 
22- A process as claimed in Claim 21, wherein 
the catalytic partial oxidation is carried out at a 
steam-to-carbon molar ratio in the range from 0.8*1 to 
^ an oxygen-to-carbon molar ratio in the range fa. 
to 0.65:1; the oxidant in the catalytic partial oxidation 
step is an oxygen-rich gas containing at least 70 molp t 

oxygen; and the catalytic partial oxidation takes place at a 
o temoeraturp in fh Q 



f 
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